Langaside (1), a secoiridoid lactone glucoside possessing a novel skeleton formed by a [2+2] cycloaddition reaction between the secoiridolactone glucoside, 1,9-trans-9,5-cis-sweroside, and p-coumaric acid was isolated from the fruits and flowers of the Malagasy Tachiadenus longiflorus Griseb. (Gentianaceae), alongside another seven known compounds. The structure of langaside was established using HRESIMS, IR and NMR spectroscopy and comparison of experimental and calculated electronic circular dichroism (ECD) spectra. Langaside was screened for its neuritogenic activity against SHSY-5Y cells and anticancer activity against the NCI59 human tumour cell panel but not found to be active.
Introduction
The suffrutescent plant Tachiadenus longiflorus Griseb. (Gentianaceae) occurs in the foothills and the highland areas of Madagascar, with all eleven species comprising the genus Tachiadenus endemic to Madagascar (Leistner, 2000) . It is locally called felampelana or tsifelampelana, meaning beautiful flower, and is easily recognized, even from a distance, by the white flowers that contrast with surrounding plants almost all the year around. The fruit is a one-celled capsule filled with numerous minute seeds (Klackenberg, 1990) . In Madagascar, T. longiflorus is currently used by the Bezanozano, Sihanaka and Merina tribes as a purgative and to treat fever and fatigue , Yuan et al., 2003 . The stem of T. longiflorus has been investigated previously and yielded scoparone, scopoletin (Del Rio et al., 2004 , Heitz et al., 1979 , oleanolic acid (Heitz et al., 1979) , oleanolic acid methyl ester , diosmin, diosmetin (Del Rio et al., 2004 , Heitz et al., 1979 , and the iridoid, angelone . Attempts to isolate more angelone from the fruits and flowers of T. longiflorus led to the isolation of langaside (1) and seven known compounds, 1,9-trans-9,5-cis-sweroside (2), gentiopicrin (3), scopolin, scoparone, scopoletin, oleanolic acid and lupeol.
Results and discussion
Langaside (1), (Figure 1 NMR spectra indicated the presence of two ester carbonyl carbons, an aromatic ring and a monosubstituted alkene group, leaving five further rings in the molecule. The NMR spectra showed similarities to those of the co-isolated 1,9-trans-9,5-cis-sweroside (2), but were more complex and lacked resonances due to the Δ 3 -double bond. Resonances due to carbons of a glucopyranosyl group occurred at δC 100.9 (C-1'), 80.7 (C-2'), 74.7 (C-3'), 72.1 (C-4'), 79.9 (C-5') and 62.8 (C-6') in the 13 C NMR spectrum and the coupling constant of the anomeric proton (δH 4.77, d, J=8.2 Hz, H-1') and correlations seen in the NOESY Langat M. K. et al
Phytochemistry Letters 3
spectrum between H-1'/H-5', H-5'/H-3' and H-2'/H-4', H-4'/H-6' confirmed the presence of β-D-glucose (Bruch, 1996) .
The sugar was joined to the iridoid structure at C-1' as in the known sweroside, Table 1) .
The relative configuration of 1 was assigned using its NOESY spectrum and, for confirmation, the NOESY spectrum of the acetylated derivative, which showed 4R, 5S, 9R, 1'S, 2'S, 3'R, 4'R, 5'R, 2''R and 3''), 1, and its enantiomer ent-langaside (1S, 3S, 4S, 5R, 9S, 1'R, 2'R, 3'S, 4'S, 5'S, 2''S and 3''S), (1a), that were consistent with correlations seen in the NOESY spectrum. An initial conformational search of 1 using Spartan10 at ground state with a molecular mechanics force field (MMFF) basis set gave ten conformers, three of which were under 2 kcal/mol. The three conformers were subjected to TDDFT calculations using a B3LYP method at 6-31G (d, f) level in Gaussian09 software (Frisch et al., 2010) . The resulting ECD curves of the three conformers were Boltzmann weighted and compared to the experimental ECD curve for 1 (Figure 4 ). This was also done for entlangaside and and yielded 10 conformers, 4 of which were under 2 kcal/mol and were subjected to TDDFT calculations using the same basis set used for 1 to give ECD curves that were Boltzmann weighted. By comparing the experimental ECD curve and the calculated ECD curves for 1 and 1a, the absolute configuration could be unambiguously assigned as 1R, 3R, 4R, 5S, 9R, 1'S, 2'S, 3'R, 4'R, 5'R, 2''R and 3''R.
It is proposed that langaside is formed by an intramolecular [2+2]-cycloaddition reaction
between the Δ 2 -double bond of p-coumaric acid and the Δ 3 -double bond of sweroside (2), which was co-isolated from the plant along with the related gentiopicrin (3). Although many secoiridoid compounds are known, langaside (1) is the first derivative of this type to be reported. Littoralisone, a compound formed by [2+2] cycloaddition between the iridolactone (-) brasoside and p-coumaric acid has been shown to elicit a 30% enhancement of NGF-mediated neurite outgrowth from PC12D cells (Li et al., 2001) . Thus, the ability of 1 to potentiate the activity of nerve growth factor (NGF) in the neuroblastoma cell line SHSY-5Y cells was assessed. However, no significant potentiation of NGF-mediated neurite outgrowth was found at the two concentrations tested, 0.78µg/ml and 50µg/ml with NGF (100ng/ml, 50ng/ml, 25ng/ml, 1ng/ml and 0ng/ml). Compounds 1, 2 and 3 were submitted to the U.S. National Cancer Institute for screening against the NCI 59 human tumour cell lines panel for potential anti-cancer efficacy (Shoemaker, 2006) . All three compounds were found to be inactive at the single concentration of 10 µM against 59
human tumour cell lines (data not shown).
Experimental
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General experimental procedures
Optical rotations were measured on a JASCO P-1020 polarimeter. The ECD spectrum for compound 1 was determined using an Applied Photophysics Chirascan CD spectrometer using a 1 mm cell in acetonitrile. FTIR spectra were recorded using a Perkin-Elmer (2000) spectrometer. 1D and 2D NMR spectra were recorded in MeOD on a 500 MHz Bruker AVANCE NMR instrument at room temperature. Chemical shifts (δ) are expressed in ppm and were referenced against the solvent resonances at 4.87 and 49.15 ppm for 1 H and 13 C NMR spectra respectively. HR-ESI mass spectra were recorded on a Bruker MicroToF mass spectrometer using an Agilent 1100 HPLC to introduce samples (University of Oxford). Column chromatography was undertaken using 1 or 4 cm diameter columns suitable to be used as flash systems packed with silica gel (Merck 9385 grade). TLC analysis was performed on aluminium-backed precoated silica gel plates (Alugram (R) SIL G/UV254) visualised using anisaldehyde spray reagent.
Plant material
Tachiadenus longiflorus (Pall.) Regel (Gentianaceae) was collected at Mangoro, in the eastern foothill area of Madagascar and a voucher specimen (002MJ/MDUL 2005-TAN) was retained at the Botany Department of the University of Antananarivo and also at the National Botanical Garden Tsimbazaza.
Extraction and isolation
The dried, powdered fruits and flowers (232 g) of T. longiflorus were extracted using hexane, CH2Cl2, EtOAc and MeOH successively in a Soxhlet apparatus to yield 5.5 g, 9.8 g, 6.5 g and 46.3 g of extract respectively. Thin layer chromatographic (TLC) analysis and column chromatography (CC) over silica gel (Merck 9385) with a hexane/ CH2Cl2 step gradient starting with 100% hexane and gradually increasing the CH2Cl2 concentration to 100% followed by 5% MeOH in CH2Cl2 was used to separate the non-polar/semi polar (CH2Cl2) crude extracts to yield fractions (75 ml each) which were combined depending on TLC analysis. The polar (EtOAc and MeOH) combined extracts were eluted using flash CC and a step gradient of CH2Cl2 and MeOH to yield fractions (75 ml each) which were combined based on TLC analysis. Fractions from the combined EtOAc and MeOH extracts were purified to yield the following: Fractions 1-41 gave a mixture of triglycerides and EtOAc, 120 mg) (Takeda et al., 1999) , gentiopicrin (3, 100% EtOAc, 150 mg) (Takeda et al., 1999) and scopolin (5% MeOH/CH2Cl2, 15 mg) (Kisiel and Michalska, 2002) . From the CH2Cl2extract: Fraction 15-18 gave scoparone (100% CH2Cl2, 25 mg) (Razdan et al., 1987) , fraction 19-20 eluted using 100% CH2Cl2 gave scopoletin (6, 100% CH2Cl2, 15 mg) (Imai et al., 1989) , fraction 5-13 eluted using 1:1 hexane:methylene chloride gave oleanolic acid (7, 10% EtOAc/hexane, 70 mg) (Ahmad and Rahman, 1994) and lupeol (8, 10%
EtOAc/hexane, 20 mg) . 
Computational methods
The conformational search was carried out for langaside (1) and ent-langaside (1a) at the molecular mechanics level of theory employing MMFF force field basis set incorporated in Spartan10 (Wavefunction, Irvine, CA) software package. Conformers under 2 kcal/mol were selected for TDDFT calculations. The selected conformers were subjected to TDDFT calculations using a B3LYP method at 6-31G (d,f) level built into Gaussian09 software (Frisch et al., 2010) . The ECD curves were Boltzmann weighted and compared.
Biological assays

Neuritogenic activity against human derived neuroblastoma cell line (SHSY-5Y)
The SHSY-5Y cells were maintained in Dulbecco's modified eagle medium (DMEM)
supplemented with 10% (v/v) foetal calf serum, 1% (v/v) penicillin/streptomycin and nonessential amino acids at 37°C in a humidified 5% CO2/95% air environment. For the neuritogenic assay, cells were plated in 24 well plates at a density of 1×10 4 cells/well, and incubated at 37 0 C in a humidified 5% CO2/95% air environment for 24 hours to allow the Langat M. K. et al Phytochemistry Letters 7 cells to attach. Next, DMEM was aspirated and medium containing NGF (100ng/ml, 50ng/ml, 25ng/ml, 1ng/ml, 0 ng/ml) and langaside (1) (0.78µg/ml, 50µg/ml) was added and incubated for 24 hours under the same conditions. Following compound exposure, neurite growth was determined: For each of treatment condition, three wells were used and light micrographs (x100 magnification) from three random fields captures. Ten differentiated cells with neurites were identified in each field, and the neurite length in micrometres determined using ImageJ (available from http://rsbweb.nih.gof/ij/inex.html).
All values were expressed as the mean ± SEM.. One way ANOVA followed by the Dunnett test and two way ANOVA was performed and p-values of < 0.05 were considered significant.
The SHSY-5Y cells were maintained in T75 tissue flasks in Dulbecco's modified eagle medium (DMEM) and supplemented with 10% foetal calf serum, a mixture of 1% penicillin/streptomycin and non-essential amino acids at 37°C in a humid 5% CO2/95% air environment. The neuritogenic assay was done by detaching SHSY-5Y cells from the tissue T75 flasks using trypsin and resuspending them in fresh DMEM. The cells were placed in a 24 well plate in 100µl of medium at a density of 1×10 4 cells/well, 900µl of fresh DMEM was added to all the wells and the plate was incubated at 37 0 C in a humid 5% CO2/95% air environment for 24 hours to allow the cells to attach to the wells. The DMEM was aspirated and medium containing NGF (100ng/ml, 50ng/ml, 25ng/ml, 1ng/ml, 0 ng/ml) and langaside (1) (0.78µg/ml, 50µg/ml) was added and incubated under the same conditions. Images used for determining neurite growths were photographed after 24 hours using an inverted microscope (×100 magnification) and manual measurements of the length of the neurites were carried out using ImageJ software (available from http://rsbweb.nih.gof/ij/inex.html). Treatments were performed in triplicate and 3 fields were obtained per well. Ten differentiated cells with neurites were identified, labelled and the neurites were measured in micrometres. All values were expressed as the mean ± SEM.
Data were analysed using Graph pad prism software. One way ANOVA followed by the Dunnett test and two way ANOVA was performed and p-values of < 0.05 were considered significant.
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Anticancer activity against NCI 59 human tumour cell lines
Compounds 1, 2 and 3 were submitted to the NCI and evaluated at the single concentration of 10 µM against 59 human tumour cell lines according to the NCI protocol (Shoemaker, 2006) . 
